Background: Laryngeal mask airways (LMA) are widely used during tonsillectomies. Contrasting evidence exists regarding the timing of the removal and the risk of perioperative respiratory adverse events. We assessed whether the likelihood of perioperative respiratory adverse events is influenced by the timing of LMA removal in children with at least one risk factor for these events. Methods: Participants (n¼290, 0e16 yr) were randomised to have their LMA removed either deep (in theatre by anaesthetist at end-tidal sevoflurane >1 minimum alveolar concentration) or awake (in theatre by anaesthetist or in postanaesthesia care unit by anaesthetist or trained nurse). The primary outcome was the occurrence of perioperative respiratory adverse events over the whole emergence and postanaesthesia care unit phases of anaesthesia. The secondary outcome was the occurrence of perioperative respiratory adverse events over the distinct phases of emergence and postanaesthesia care unit. Results: Data from 283 participants were analysed. Primary outcome: even though a higher occurrence of adverse events was observed in the awake group, no evidence for a difference was found [45% vs 35%, odds ratio (OR): 1.5, 95% confidence interval (CI): 0.9e2.5, P¼0.09]. Secondary outcome: there was no evidence for a difference between the groups during emergence [19 (14%) deep vs 25 (18%) awake, OR: 0.74, 95%CI: 0.39e1.42, P¼0.37]. However, in the postanaesthesia care
unit, children with an awake rather than deep removal experienced significantly more adverse events [55 (39%) vs 37 (26%); OR: 1.85, 95%CI: 1.12e3.07, P¼0.02]. Conclusion: We found no evidence for a difference in the timing of the LMA removal on the incidence of respiratory adverse events over the whole emergence and postanaesthesia care unit phases. However, in the postanaesthesia care unit solely, awake removal was associated with significantly more respiratory adverse events than deep removal. Trial registration number: ACTRN12609000387224 (www.anzctr.org.au).
Keywords: laryngeal mask airway; paediatric anaesthesia; timing; tonsillectomy
Editor's key points
It is not known whether timing of removal of a laryngeal mask affects the incidence of perioperative respiratory complications in children at increased risk of respiratory complications. There was no statistically significant difference in the primary outcome of perioperative respiratory complications between children in whom he laryngeal mask airway was removed while under deep anaesthesia or after emergence.
Perioperative respiratory adverse events during adenotonsillectomies are common in paediatric anaesthesia. Several factors such as the nature of the surgery, presence of secretions and blood soiling the vocal chords increase the risk of perioperative respiratory adverse events. Optimizing airway management during adenotonsillectomies is thus a constant challenge for paediatric anaesthetists. The laryngeal mask airway (LMA) has been shown to provide both a safe and controlled method of airway management during general anaesthesia in children. 1e3 It is widely used for ear, nose and throat procedures including adenotonsillectomies mainly due to the lack of mechanical stimulation of the airway and thus a decreased risk of perioperative respiratory adverse events. 4e6 However, there is a long-standing controversy regarding the timing of its removal and the consequent impact on the occurrence of perioperative respiratory adverse events in the paediatric population. A Cochrane review by Mathew and colleagues in 2015 concludes that the quality of evidence available is either low or very low and that there is a "paucity of well-designed RCTs (randomised controlled trials) and a need for large scale RCTs to demonstrate whether early removal or late removal of the LMA is better after general anaesthesia". 7 Traditionally, age or even more commonly the personal preference of the anaesthetist guides practice. Deep removal (during which the airway reflexes are still depressed) of the LMA has been shown to reduce the likelihood of the child straining and coughing. 8 Patients having awake removal (active airway protection by innate reflexes) seem to be more prone to coughing and straining leading to an increased incidence of sore throat. 9, 10 Moreover, Valsalva manoeuvre and breath-holding associated with coughing and bucking may cause a decrease in oxygen saturation.
11
While in healthy children (ASA status I and II), the incidence of perioperative respiratory adverse events seems to be independent of the timing of LMA removal, it is unclear if children with respiratory symptoms (e.g. asthma) who are at an increased risk of perioperative respiratory adverse events, would benefit from either type of removal. 12, 13 The aim of this prospective randomised controlled parallelarm trial was to assess the influence of removing the LMA either deep or awake on the occurrence of perioperative respiratory adverse events during the post-surgical phases of anaesthesia (emergence and recovery) in children with risk factors for these events undergoing adeno/tonsillectomy procedures. We hypothesized (superiority) that the occurrence of perioperative respiratory adverse events over the whole emergence and recovery phase of anaesthesia would be significantly higher (15% or more) in the awake removal group compared to the deep removal group.
Methods

Study design and participants
This single centre open-label parallel-arm RCT was carried out by the Department of Anaesthesia and Pain Management at Princess Margaret Hospital for Children in Perth, Western Australia. It is the referral tertiary paediatric hospital in Western Australia and caters for a large heterogeneous population.
Institutional ethics approval was obtained from the Princess Margaret Hospital ethics committee and the University of Western Australia (1645/EP and RA/4/1/5809). The trial was registered with the Australian and New Zealand Clinical Trials Registry (http://www.anzctr.org.au/ e ACTRN12609000387224). Written informed parental consent and assent from the child (as appropriate) was sought prior to enrolment in the study.
Recruitment was performed exclusively off the adenotonsillectomy procedure lists. Infants and children aged up to 16 years with at least one parentally reported risk factor for the perioperative respiratory adverse events and undergoing tonsillectomy with or without adenoidectomy and/or myringotomy were eligible for recruitment. These risk factors have been identified in a prior large observational cohort study by our group and are defined in Figure 1 . 12 The inclusion and exclusion criteria used for this trial are listed in Figure 1 . Of note, children receiving sedating premedication were excluded from this study; it has been shown to increase their risk of perioperative respiratory adverse events. 14 The anaesthetist in charge of the patient and independent of the study was consulted on day of surgery to seek: (i) their clinical judgement for the patient's suitability to have either type of LMA removal; (ii) their own consent to participate in the study. All participating anaesthetists were aware of the study aim but not the hypothesis. A member of the research team then approached the family for voluntary participation in the study.
Randomisation and masking
Recruited participants were randomly assigned (1:1) to have their LMA removed either deep or awake. An independent person performed a computer-generated block randomization along with concealment in envelopes before handing them to the study team. Each participant was assigned the next available number, which served as a unique identifier for the duration of the study and matched the prerandomised opaque envelope containing the randomisation allocation. The attending anaesthetist communicated the randomized timing of the airway removal to the team once the randomisation envelope was opened. Thus, the research and clinical teams were blinded prior to induction of anaesthesia.
Procedures and anaesthesia management
Anaesthesia was performed in accordance with the safety standards of the Australian and New Zealand College of Anaesthetists. General anaesthesia was induced either by a consultant anaesthetist or under direct consultant supervision. Sevoflurane was used for inhalational induction (up to 8% vol) and propofol (3e5 mg kg À1 ) for intravenous induction.
The method of sevoflurane inhalation and intravenous propofol administration was left to the discretion of the anaesthetist. This reflected routine practice; as a note, in our tertiary paediatric institution, sevoflurane induction involves in most cases a gradual increase in its concentration to 8% along with the use of nitrous oxide; a dose of intravenous propofol was also administered following secured intravenous access and prior to placing the airway device. As for intravenous induction, preoxygenation was not used routinely as per routine clinical practice; propofol was mixed with lidocaine and injected slowly to minimize pain. The LMA (Pro-Breathe Armour Flex Laryngeal Mask Airway; Well Lead Medical, Panyu, Guangzhou, China) was inserted when the patient was deemed deep enough by not reacting to a bimanual jaw-thrust manoeuver. 15 The size was chosen based on the standard weight sizing for paediatric anaesthesia. Typical gas-flow ranged between 6e8 litres min À1 via a T-piece at induction.
Continuous positive airway pressure (CPAP) was applied as deemed appropriate by the anaesthetist. Sevoflurane was used for the maintenance of anaesthesia. The attending anaesthetist administered opioids and analgesia, including regional/ local analgesia as deemed appropriate again reflecting routine clinical practice. This was not standardised to prevent over/ under-dosing. Minimal and standardised routine anaesthesia monitoring included electrocardiography, non-invasive blood pressure measurements, capnography, and pulse oximetry. Oxygen saturation was continuously monitored throughout surgery and in the postanaesthesia care unit (PACU) until discharge was granted. One to one nursing was guaranteed at all times in the PACU with at least one additional circulating nurse at all times.
Measured outcomes and monitoring
Primary outcome and hypothesis
The primary outcome of this randomized controlled trial was the difference in the rate of occurrence of perioperative respiratory adverse events between an awake removal and a deep removal of the laryngeal mask airway in children with at least one risk factor for these events having (adeno) tonsillectomy (with or without myringotomy) procedures. The perioperative respiratory adverse events monitored are defined in Table 1   12 and their incidence was recorded by the anaesthetist during induction, maintenance, and emergence of anaesthesia, and by a specialized nurse during recovery in the PACU. Deep and awake removal were defined as follows:
Deep removal: Performed by anaesthetist at the end of surgery in theatre when the end-tidal sevoflurane level was >1 minimum alveolar concentration (MAC; age adjusted according to the Draeger Primus Anaesthesia Workstation; Draeger, Luebeck, Germany) and airway reflexes were still depressed. Awake removal: Performed when child demonstrated all of the following features: facial grimace, adequate tidal volume and respiratory rate, coughing with open mouth or opening of their eyes and purposeful movements. If these criteria were met at end of surgery in theatre, the LMA was removed there by the anaesthetist. They were otherwise transported to the PACU in a supine position with the LMA in situ while maintaining adequate air exchange. Once the criteria for awake removal were met in PACU, either the consultant anaesthetist or a specifically trained paediatric PACU nurse removed the LMA.
Those who had their LMA removed in theatre were transferred to the PACU in the lateral position after ensuring that adequate air exchange was being maintained and supplementary oxygen was delivered as required. All children were accompanied by the anaesthetist in charge during the transfer from theatre to the PACU. The transfer from our theatres into the PACU is short since our unit is in a central location within theatres. If the patient had an airway complication during transport, the child was attended to by the anaesthetist in charge who was transporting the patient. A T-piece was available if required to provide oxygen, CPAP, and manual ventilation if necessary.
Secondary outcomes (post hoc)
As secondary and exploratory posthoc aims, we assessed whether the rate of perioperative respiratory adverse events was different between the two groups:
If the LMA removal was performed in theatre vs PACU. Depending on the number of risk factors present When children with respiratory symptoms were compared with those who had other risk factors (Fig. 1) . Depending on the presence and severity of obstructive sleep apnoea (OSA).
Statistical analysis
The sample size for this study was based on previously reported incidence of perioperative respiratory adverse events of 35% and 20% in children who had awake r deep LMA removal, respectively. 12 A two-group chi-square analysis, at a 0.05 twosided significance level provided an 80% power to detect a difference of at least 15% in the rate of adverse events between the two groups with a sample size of 145 participants per arm. If such a difference between the two groups were achieved, it would warrant a change in clinical practice at our institution.
No interim analyses for efficacy or futility was performed and the initial protocol design was not modified between the start and the end of the trial. An independent data monitoring committee was in place in case any unexpected reviews of data needed to be performed. Occurrence of perioperative respiratory adverse events was considered as a binary variable (having occurred or not) and a patient experiencing these events was accounted for just once independent of the number of events.
The primary and secondary outcomes were evaluated using binary logistic regression and outcomes are presented as oddsratio, 95% confidence interval and P-value. Linear regression was used to assess whether age influenced the risk of perioperative respiratory adverse events across the whole cohort (independent of the timing of the LMA removal) and between the two groups (awake removal vs deep removal). No stratification variables were used in these analyses. Since no multiple variables were compared simultaneously when assessing the primary and secondary outcomes, Bonferroni correction to adjust for the p-value threshold was unnecessary. Of note, the study was not adequately powered for the posthoc subgroup secondary analysis conducted (e.g. respiratory symptom vs no respiratory symptom, number of risk factors). 
Results
Participants were recruited between July 6, 2009 and January 28, 2014. Complete datasets from 283 participants were available for analysis and are summarized in Table 2 . Five participants from the awake group and two from the deep group were excluded due to the use of tracheal tubes (surgeon's preference, misunderstanding, and treatment of perioperative respiratory adverse events at induction). Figure 2 lists the details of the trial profile. Our logbook accounts for 437 children having been assessed for eligibility. However, it was set up after recruiting 124 children. Therefore, the number of children assessed for eligibility for this trial was >437.
Primary outcome: whole emergence and PACU phase (Table 3) . Coughing and desaturation were the most observed perioperative respiratory adverse events over that period (Table 3 ). The mean amount of time spent in the PACU was similar in both groups and independent of the occurrence of perioperative respiratory adverse events (Table 4) .
Secondary outcomes
Emergence as a distinct phase 
PACU as a distinct phase
Children in the awake group were almost twice more likely to experience perioperative respiratory adverse events than those in the deep group when considering the PACU as a stand-alone phase [awake vs deep: 55/140 (39%) vs 37/143 (26%), OR: 1.85, 95% CI: 1.12e3.07, P¼0.02; Table 3 ].
Influence of number of risk factors
Children with up to four risk factors had comparable risk of perioperative respiratory adverse events in both groups Trial profile outlining pathways to completion for each group. While 437 children were logged as having been assessed for eligibility, this log was only set up after 124 children had been recruited. Therefore, the number of children assessed for eligibility for this trial was >437.
( Fig. 3) . However, children with five or more risk factors for these events who had an awake removal of their LMA were significantly more at risk of experiencing perioperative respiratory adverse events [ 
Respiratory risk factors vs other risk factors
Children in the awake group with at least one respiratory symptom were approximately 2.7 times more likely to experience perioperative respiratory adverse events compared to children with a deep LMA removal [42/76 (55%) vs 28/89 (32%), OR: 2.69, 95% CI: 1.43e5.08, P¼0.002]. Coughing and desaturation were the most common events recorded. There were no significant differences observed in the incidence of perioperative respiratory adverse events between the two airway removal groups when no respiratory symptoms were present in the medical history of the patient (Table 5 ).
Presence and severity of OSA
In children without the diagnosis of OSA, a tendency towards higher but statistically non-significant rate of perioperative respiratory adverse events was observed in the awake removal group compared to the deep removal group [ 
Discussion
The primary outcome of our study shows no statistically significant difference in the occurrence of perioperative respiratory adverse events between a deep and awake removal of the LMA in this population. Over the whole emergence and recovery phases of anaesthesia, children who had an awake removal of their LMA experienced 10% more perioperative respiratory adverse events than those who had a deep removal. While our primary result concurs with previous findings from the literature, it also contrasts with findings from other studies. 13,16e18 A key part of attributing perioperative respiratory adverse events to either a deep removal or an awake removal of the LMA is the definition applied to each timing. The absence or presence of protective airway reflexes is what distinguishes a deep removal from an awake removal of the LMA. A broad range of definitions have been used to differentiate between these two states in the literature. 9, 10, 13, 19, 20 They range from the MAC of the volatile anaesthetic agent to the effective dose of sevoflurane for smooth LMA removal and The number of participants having experience perioperative respiratory adverse events is listed in bold. The incidence of each specific perioperative respiratory adverse event is listed under each phase. Asterisk represents P < 0.05. PACU, postanaesthesia care unit. Length of stay (min) in the PACU for each group with and without perioperative respiratory adverse events over the combined period of emergence and recovery.
the surgical plane of anaesthesia. We elected to define deep removal as being performed in theatre after the attending anaesthetist had ensured that the protective airway reflexes were still suppressed (MAC>1) while the awake removal was performed in theatre or more commonly in PACU after the patients exhibited purposeful movements including coughing with open mouth. Albeit occurring at a higher frequency in the awake group, perioperative respiratory adverse events such as coughing and oxygen desaturation were minor in nature and promptly resolved as indicated by the comparable amount of time spent in the PACU by children who experience these events and those who did not. These results contrast with recent findings from Oofuvong and colleagues, 21 where children experiencing perioperative respiratory adverse events were at an increased odds of hospital surgery, two times prolonged hospitalization after surgery, 30% higher excess hospital cost overall and 58% higher indirect cost amongst outpatients. Our intense PACU monitoring and 1:1 nurseepatient ratio may explain the lack of a difference in time spent in PACU between the children who presented with a perioperative respiratory adverse event and those who did not since any symptoms very immediately recognized and acted upon without delay. We also assessed emergence and recovery as stand-alone phases of anaesthesia. In this setting, in stark contrast to the emergence phase, the PACU registered a higher rate of perioperative respiratory adverse events in the awake removal group than in the deep removal group. The time immediately following a procedure is critical to the patient's recovery. Intensive observation by highly trained medical personnel during the emergence and PACU phases can result in early Occurrence of perioperative respiratory adverse events (PRAE) over the combined emergence and postanaesthesia care unit phase of anaesthesia in each group vs number of risk factors present. The rate of these events was comparable between the two groups in children with up to four risk factors. Children with five or more risk factors who had an awake removal of their laryngeal mask airway had significantly more perioperative respiratory adverse events than those who had a deep removal. Occurrence of perioperative respiratory adverse events over the combined phase of emergence and PACU (due to separate geographical locations). The occurrence of each specific perioperative respiratory adverse events is also provided. Children with no respiratory risk factors for these events, have other risk factors listed in Figure 1 . Asterisk represents P < 0.05. PACU, Post anaesthesia care unit; OR, odds ratio; CI, confidence interval.
detection and prevention of these events. 22 The presence of an anaesthetist along with highly specialized staff in theatre, where the majority of deep removal of LMA was performed, might explain the difference in the observed rate of perioperative respiratory adverse events compared to the PACU where only nurses are present. The presence of respiratory symptoms such as nocturnal cough, cold, wheezing (with and without exercise) and previous asthma are well established as markers of bronchial hyperresponsiveness. 23 However, the anaesthetic agents used are known to act as bronchodilators and to blunt airway reflexes. 24, 25 Children with at least one of these risk factors who were in the awake group rather than the deep group were at an increased risk of perioperative respiratory adverse events over both the whole emergence and PACU phases and the latter by itself. During a deep removal, the airway reflexes are still dampened, thus the risk of these events due to bronchial hyper-responsiveness is considerably lowered compared to an awake removal where airway reflexes are re-established. It also becomes a potential cause for the significant increase in the number of coughing and desaturation observed; an initial isolated coughing event can transform into a prolonged cough. Even though coughing has been described as a positive physiological response rather than a complication as it may be an effective mechanism of clearing excess secretions and blood, in our study it was a frequent complication that occurred mainly in the PACU. The literature is quite inconsistent with regards to these findings. 9, 17, 18, 26, 27 We observed a strikingly higher rate of perioperative respiratory adverse events in children with five or more risk factors compared to children with fewer risk factors who had an awake removal rather than a deep removal of their LMA (Fig. 3) . We have observed a similar trend in the global occurrence of perioperative respiratory adverse events in our other studies. 12, 28, 29 More than 90% of the children with five or more risk factors for these events had at least one personal respiratory risk factor. Their exacerbated risk for bronchial hyperresponsiveness coupled to the presence of other risk factors and an awake removal of their LMA may explain such a significant difference in the occurrence of perioperative respiratory adverse events between the two groups. Our study also has certain limitations. Like any other openlabel randomised study, this trial also suffers from the same concerns of investigator bias. While this is particularly the case when investigators are aware of the study hypothesis, in our study the participating anaesthetists were blinded from it. Complete blinding would have demanded extremely complex logistics and would not have reflected the daily routine practice. Moreover, events such as laryngospasm and airway obstruction can be best differentiated by the anaesthetist in charge of the airway rather than an independent observing anaesthetist. The LMA in children in the deep group was performed by the anaesthetist in charge at the end of surgery in theatre when the end-tidal sevoflurane level was >1 MAC (age adjusted) and airway reflexes were still depressed. Our study cannot provide an answer if even deeper levels of anaesthesia would have reduced the occurrence of perioperative respiratory adverse events even further.
The attending anaesthetist recorded the perioperative adverse events every time except in the PACU where the nurses did so. This may have created a reporting bias. However, this was minimised by ensuring that all perioperative respiratory adverse events recorded abided to the specific definitions provided. Furthermore, our setup of performing deep removal in theatre by an anaesthetist and awake removal in either theatre or PACU by either the anaesthetist or a specialized nurse is far from being isolated practice; it is actually the most common setup in Australia and also applies to various centres across the world. Although, such a setting might add further bias, it is reflective of routine practice and is the pragmatic approach undertaken in this study rather than testing the hypothesis in an artificial setting.
Finally, the children, particularly those with respiratory symptoms, make up over 25% of the population scheduled for surgery. Although this might look as a restrictive population with limited generalizability to other centres, similar proportions have been reported in the literature from other centres across the world.
30e33 It might be argued that surgery should be rescheduled in these cases. However, it is also well known that upper respiratory tract infections are extremely common in children especially those undergoing ear, nose and throat surgery with re-occurrence rates of three to eight times per year. 31, 33 Delaying surgery by 4e6 weeks for each episode, will only leave a 4-week period in the year where the child would be deemed fit for surgery. Besides, while postponing surgery might clear upper respiratory tract infections, or improve poorly controlled asthma, conditions such as wheezing or exposure to smoking cannot be prevented. In the majority of cases, as reported in the literature, paediatric anaesthetists still proceed with anaesthesia. 31, 34, 35 In our study, only patients declared fit for surgery by the independent anaesthetist in charge were enrolled in the study. While our post hoc analyses have pointed out certain differences between the two groups, it is worth noting that our study was neither designed nor adequately powered to draw definitive conclusions regarding these outcomes. However, we deemed essential to report and discuss these trends owing to their possible impact on paediatric practice of anaesthesia and to also guide future work.
Conclusion
In conclusion, based on the primary data that our study generated, there was no evidence for a difference in the rate of perioperative respiratory adverse events observed over the whole of emergence and recovery phases of anaesthesia for deep or awake removal of the LMA in children undergoing adeno/tonsillectomy with/without myringotomy procedures. The post hoc analyses point to certain trends namely regarding the link between the increased occurrences of perioperative respiratory adverse events in children with respiratory symptoms having awake removal of their LMA. However, these specific outcomes need to be assessed in future studies with a targeted design and sample size. 
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